We investigated contamination of environmental surfaces by Staphylococcus aureus from April 1 to the end of June in 2002 in the dermatological ward (37 beds) of a university hospital. For surfaces contaminated by high levels of S. aureus, disinfection methods were evaluated. 100-10 5 colony forming units (cfu) of methicillin-resistant S. aureus (MRSA) or methicillin-sensitive S. aureus (MSSA) were detected on items such as an immersion bathtub (examined area, about 900 cm 2 ), foot washbowl, stretcher for an immersion bath, and chair for the shower. After disinfection, no S. aureus was detected on smooth surfaces such as the immersion bathtub and foot washbowl; however, S. aureus was detected even after disinfection on porous surfaces made of sponge-like materials (polyethylene foam) such as the stretcher for the immersion bath and the shower chair. Scanning electron microscopy of the porous surfaces showed formation of a large amount of coccus and bacillus biofilms on the walls of pores in the multi-pore structure. Material that is porous should not be used in patient care settings because it is not possible to disinfect it properly.
Methicillin-resistant Staphylococcus aureus (MRSA) infection is a major complication in burn patients, with a potential to cause morbidity and mortality. 1, 2) Since burn patients can become colonized and infected more readily than other groups, MRSA-contaminated environmental surfaces may play an important role in the spread of MRSA to these patients. 3, 4) There have been many qualitative studies but no quantitative studies on environmental contamination by MRSA in dermatological wards. [5] [6] [7] [8] [9] [10] [11] [12] [13] Consequently, the relative risk associated with environmental sites contaminated with MRSA has not been fully quantified. We quantitatively examined environmental contamination by MRSA and methicillin-sensitive S. aureus (MSSA) in a dermatological ward, and also evaluated measures to prevent the contamination of surfaces that showed MRSA or MSSA contamination.
MATERIALS AND METHODS

Description of the Dermatological Ward and Investigated Items
We investigated the MRSA and MSSA contamination of surfaces of items in the dermatological ward (37 beds) in a university hospital from April 1 to the end of June in 2002. During the investigation period, the total number of patients colonized or infected with MRSA in this ward was 10, and 6 of the 10 patients had burns. The hydrotherapy unit and the examination tables in the ointment room were used by 0-3 burn patients/d. The surfaces were those of the stretcher for the bathroom, wheelchair and chair for the shower, immersion bathtub, foot washbowl, shower handle, and curtain in the hydrotherapy unit (the stretcher, wheelchair, and chair are shown in Fig. 1 ), examination tables in the ointment treatment room, and the keyboard of a personal computer, telephone receivers, the faucet, and the working table in the nurses' center.
Quantification of MRSA and MSSA on Surfaces The surfaces were wiped using sterile gauze (15ϫ10 cm) moistened with sterile physiological saline. The entire area of the surface was wiped on the immersion bath stretcher, wheelchair and shower chair, the examination tables and working table. On the immersion bathtub and curtain, about a 30ϫ 30 cm area (about 900 cm 2 ) was wiped, and on the foot washbowl, the entire inner surface was wiped. On the shower handle, computer keyboard, telephone receivers, and the faucet, all surfaces were wiped.
The gauze used for wiping was placed in a 100 ml bottle containing 50 ml sterile physiological saline. This bottle was shaken for 30 min in a recipro-shaker (Taiyo Co., Tokyo, Japan; frequency, 250 min
Ϫ1
; amplitude, 50 mm) and ultrasonicated (Sine Sonic 100, Ikemoto Rikagaku Co., Tokyo) at 36 kHz for 5 min. 14) Each sample was diluted 10-fold, 100-fold and 1000-fold in sterile saline; two aliquots (0.5 ml each) of each dilution and of an undiluted sample were plated on two salt egg yolk agar plates (Nissui Pharmaceutical Co., Tokyo). In addition, the remaining saline sample (ca. 49 ml) in the bottle was filtered through a 0.22 mm membrane filter (diameter, 5 cm; Nippon Becton Dickinson Co., Tokyo), which was placed on salt egg yolk agar plates and incubated for 48 h at 35°C. 15) Yellow colonies on the plates with pearlring formation in the surrounding medium were examined by Gram-staining, morphological examination, the coagulase test (STAPHYLO LA SEIKEN ® , Denka Seiken Co., Tokyo), and by using Api Staph ® (Analytab Products, Plain View, New York, U.S.A.) to determine whether they were S. aureus. STAPHYLO LA SEIKEN ® is based on the agglutination method and is composed of a latex suspension which coats human fibrinogen and rabbit IgG.
When the membrane filtration technique revealed 50 colony forming units (cfu) of S. aureus or less, the results obtained by this technique were used as S. aureus counts on the surfaces. When the membrane filtration technique revealed more than about 50 cfu (in instances where S. aureus cfu could not be counted), S. aureus counts on the surfaces were calculated from the diluted inocula on the egg yolk agar.
Contamination of Environmental Surfaces by Staphylococcus aureus in a Dermatological Ward and Its Preventive Measures
The methicillin sensitivity of cultured S. aureus was determined using MRSA screen agar containing 6 mg/ml oxacillin (Nippon Becton Dickinson Co., Japan). When the membrane filtration technique or the inoculation onto egg yolk agar technique showed one to nine cfu of S. aureus, methicillin sensitivity of all of these colonies was determined. When either of these techniques showed 10 cfu of S. aureus or more, 10 colonies were randomly selected, and their methicillin sensitivity was determined. The MRSA or MSSA count per surface was estimated from the ratio of methicillin-resistant to methicillin-sensitive colonies, and the experiments were repeated 4 to 8 times.
Evaluation of Disinfection Methods for MRSA-or MSSA-Contaminated Surfaces For the items showing contamination by 100 cfu or more MRSA or MSSA in at least one of the repeated examinations, additional examinations were performed. First, to confirm the presence of S. aureus, half the area of each surface was examined for S. aureus contamination. Subsequently, the entire surface was disinfected by each disinfection method, washed using a shower except for the examination table, and the other half area was examined for the contamination. The following 4 disinfection methods were used; wiping with 0.2% alkyldiaminoethyl glycine (Tego-51 ® , Azwell Co., Osaka, Japan) and leaving for 10 min; wiping with 0.01% or 0.1% (100 ppm or 1000 ppm) sodium hypochlorite (Milton ® , Kyorin Pharm., Tokyo) and leaving for 10 min; or wiping with 80% (v/v) ethyl alcohol (Kenei Pharm., Osaka). In this experiment, S. aureus contamination was examined as described above, but whether S. aureus was MRSA or not was not determined. To inactivate disinfectants, 50 ml sterile physiological saline containing 2% Tween ® 80 and 0.07% soya lecithin was used in this experiment for disinfection with 0.2% alkyldiaminoethyl glycine, and 50 ml sterile physiological saline containing 0.5% sodium thiosulphate for disinfection with sodium hypochlorite. Each disinfection method was repeated 1-4 times for each surface.
Scanning Electron Microscopy of the Surfaces Made of
Sponge-Like Materials (Polyethylene Foam) The porous surfaces of the mat of the stretcher and that of the shower wheelchair used in the hydrotherapy room were cut into thin sections. These specimens were fixed in 2% phosphate buffered glutaraldehyde, rinsed in 0.1 M phosphate buffer and postfixed in 1% buffered osmium tetroxide. The fixed specimens were dehydrated through a graded ethanol series. The dried specimens were coated with platinum with Hitachi E-1010 Ion sputter (Hitachi Co., Japan) and observed by a scanning electron microscope (Hitachi S-2380NY) at an accelerating voltage of 20 kV. Table 1 shows the viable counts of MRSA and MSSA on the surfaces in the dermatological ward. The viable count of both was 100 cfu or less in all four repeated examinations for the shower handle and curtain in the hydrotherapy unit, the computer keyboard, the two telephone receivers and the faucet in the nurses' center. However, the MRSA or MSSA viable count was 100-10 5 cfu in at least one of the examinations for the bathroom stretcher, the wheelchair and shower chair, bathtub, and the foot washbowl in the hydrotherapy unit, the two examination tables in the ointment treatment room, and the work table in the nurses' center. In verbal interviews on equipment maintenance nurses replied that they washed hydrotherapy equipment with a warm water shower (about 60°C) and a neutral detergent, and wiped examination tables with a cloth dampened with water after use, but did no special maintenance on the computer keyboard, telephone receivers, faucet, or work table in their center. Table 2 shows the viable counts of S. aureus on surfaces checked before or after disinfection in the dermatological ward. After disinfection, no S. aureus was detected on smooth surfaces (the bathtub and foot washbowl disinfected with 0.2% alkyldiaminoethyl glycine, the examination table or the work table disinfected with 80% (v/v) ethyl alcohol) in four examinations. However, even after disinfection, S. aureus was detected on porous surfaces made of sponge-like materials (polyethylene foam) (the bathroom stretcher, the wheelchair and the shower chair disinfected by wiping with 0.2% alkyldiaminoethyl glycine, 0.01% and 0.1% sodium hypochlorite, or 80% (v/v) ethyl alcohol). Figure 2 shows scanning electron micrographs of thin-section specimens of the mat of the stretcher and that of the wheelchair. Observation of the stretcher mat at low magnification showed dense small pores, and at high magnification showed cocci or bacilli that were singly present or aggregated on the wall surface of these pores (Fig. 2) . At higher magnification, bacteria were observed which often formed biofilms (Fig. 2b) . The wheelchair also showed aggregations of bacteria forming biofilms (Fig. 2c) . , examination tables and work table were contaminated  by 100-10 5 cfu MRSA or MSSA. Awareness of these sites as possible MRSA reservoirs is necessary.
RESULTS
Of the items contaminated by 100-10 5 cfu MRSA or MSSA, those with a smooth surface (the bathtub, foot washbowl, examination tables, and work table) revealed no S. aureus after disinfection. Therefore, items with a smooth surface can be repeatedly used without problems if disinfected. However, on items with a porous surface made of a spongelike material (the bathroom stretcher mat, the wheelchair and the shower chair), S. aureus was detected even after disinfection had been done. Thus, porous surfaces made of such materials cannot be disinfected with alkyldiaminoethyl glycine, sodium hypochlorite, or alcohol, because the surface has a structure of dense pores, and bacteria form biofilms on the pores. 16) Polyurethane foam sponges, and infant bath sponges for washing and loofah sponges promoted as beauty aids have also been shown to be susceptible to microbial contamination. [17] [18] [19] [20] It is thus necessary to be aware that not only these sponges but also porous surfaces made of any sponge-like material are susceptible to microbial contamination. Such surfaces have a comfortable texture and are therefore widely used in places such as the hydrotherapy unit in Japan and other Asian countries. A material that is porous should not be used in a patient care setting because there is no way to properly disinfect it. Following this investigation, use of the wheelchair and the shower chair, both of which had a porous surface of a sponge-like material (Fig. 1 ) was discontinued at our hospital. Instead, a wheelchair and a chair with a smooth (non-sponge-like) surface structure are currently being used. Though not shown in the Method and Result sections, when these smooth surfaces were wiped with 0.2% alkyldiaminoethyl glycine and left for 10 min, no S. aureus was detected. We are now evaluating methods of improving the stretcher mat for the immersion bath.
